A/ 



n re: 

Serial No.: 
Filed: 



Attorney Docket No.: 37332-152134 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Patent application of 
Jaesung Han, et al. 

09/856,323 

May 18, 2001 



For: MINIATURE FUEL REFORMER AND 
SYSTEM USING METAL THIN FILM 



Confirmation No. 6860 

> Group Art Unit: 
1725 

Examiner: 
Kevin P. Kerns 



MARK-UP FOR SUBSTITUTE SPECIFICATION AND ABSTRACT 



Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



Respectfully submitted, 
JAESUNG HAN, et al. 




By: 

T5ANIEL A. MONACO 

Reg. No. 30,480 

Drinker Biddle & Reath LLP 

One Logan Square 

18 th and Cherry Streets 

Philadelphia, PA 19103-6996 

Tel. (215) 988-3312 

Fax. (215)988-2757 

Attorney for Applicants 



PHIP\389793\1 



Appl. 09/856,323: Mark-up for Substitute Specification and Abstract 385227\2 
Reply to Office Action of May 11, 2004 

MINIATURE FUEL REFORMER AND SYSTEM USING METAL THIN FILM 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates in general to a fuel reformer utilizing a metal thin film for 
use in a fuel cell driven mobile vehicle which makes use of, as a fuel, m alcohol such as 
methanol, ethanol, etc. More particularly, the invention relates to a miniature fuel reformer and a 
system thereof for use in a fuel cell driven mobile vehicle, which enables a reduction in th e e ntir e 
size by adopting an integrated hydrogen generation/separation device type in which the steam 
reforming reaction for the hydrogen generation, and the separation reaction for the hydrogen 
separation are carried out simultaneously in the same reacto r. The invention utilizes by the 
metal film property which selectively permeates only hydrogen of a reforming gas containing 
hydrogen, and by the principle by which the reaction rate increases beyond its equilibrium limit. 

Description of the Prior Art 

In general, a fuel cell system by which the-chemical energy converts directly to the 
electric energy with-bv a chemical reaction between a hydrogen gas and an electrolyte, is used in 
th e fi e ld in which no where internal combustion engines ts- are not substantially utilized, such as 
in the case of spaceship. Th e fu e l Fuel cell syst e m is systems are also used as a syst e m for 
supplying electric power to an-electric driven mobile vehicle. In particular, in recent years, the 
importance of the fuel cell system is increasingly highlighted due to the tightening of restrictions 
on air pollution, and the limitation of the development of electric vehicles using battery power. 
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Moreover, with increasing interest in energy efficiency and the environmental pollution 
problem, it is accepted that internal combustion engine driven vehicles can be virtually replaced 
with electric vehicles using fuel cells. However, there are various t e chnically technical limiting 
factors that need still to be resolved, such that before these fuel cell driven vehicles om be 
widely commercially available. In particular, in a fuel cell driven vehicle that uses hydrogen gas 
as a fuel, all the problems associated with the construction of infrastructure for the storage, 
delivery, and supply of the hydrogen fuel act as limiting factors in the wide utilization of such 
vehicles virtually wid e ly utilizing th e fu e l c e ll driv e n v e hicl e. 

Recent progress has been made in Thus, the development of a fuel reformer, wherein a 
liquid fuel such as methanol, ethanol, gasoline, and the like is reformed to generate hydrogen^ 
which is then separated for utilization as a fuel , has mad e r e c e nt progr e ss . However, in order for 
such a fuel reformer to be widely utilized, developing a fuel reformer having smaller size, lighter 
weight, and excellent response to load is necessary. Particularly significant is that thts -the fuel 
reformer is made smaller and lighter so that it can be mounted on the vehicle. 

In addition , A in r e c e nt fuel c e ll v e hicl e s, th e r e i s us e d a Solid Polymer Electrolyte Fuel 
Cell (hereinafter, called "SPEFC") has been used in recent fuel cell vehicles . Such a The 
SPEFC, however, has a shortcoming in that it ieses-easily loses its activity by virtue of CO 
contained in hydrogen gas, that is, the fuel. For this reason, it is significant to lower the 
concentration of CO to a minimum. 
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Furthermore, to develop a fuel cell vehicle using a liquid fuel, thereby resolving the 
above described problems with respect to the use of the-hydrogen gas fuel, a process for 
preparation of hydrogen that utilizes the prior art steam reforming reaction is- has been developed 
worldwide. However, this technology has a problem in decreasing the total size of the fuel 
reformer system, because the steam reforming reaction and the hydrogen separation reaction are 
carried out in different reactors as shown in FIG. 1 . 

For example, in US Patent No. 4,613,436, th e r e is an effort has been made to decrease the 
size of a hydrogen separation apparatus by arranging a plurality of vertically spaced circular 
hydrogen separation membranes while interposing airtight protrusions between adjacent on e s of 
the membranes such that spaces eaeh-defined between adjacent membranes by the airtight 
protrusions are isolated from one another. Through The reforming gas flow is passed through 
each of the hydrogen separation membranes is pass e d th e r e forming gas flow to separate 
hydrogen^ which is then captured. However, the structure of this hydrogen separation apparatus 
is very unsuitable for mass production, and also has difficulty in maintaining the-airtightness at 
its fixed portions. To resolve these problems, US Patent No. 5,536,405 proposes inserting 
gaskets between the hydrogen separation membranes during the arrangement of the membranes 
such that the resultant apparatus may be suitable for mass production and may also e asily 
maintain th e such that airtightness may be easily maintained between the hydrogen separation 
membranes. A drawback wkh-of the apparatus in the latter patent, however, is that it i s its heavy 
in-weight due to the application of the gasket means. 
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Meanwhile, an attempt to improve the performance of the fuel reformer has been was 
made. US Patent No. 5,458,857 attempted to carry out, in separate regions, the-hydrogen gas 
generation proc es s by the endothermic steam reforming of methane, and the exothermic 
transition reaction for transition of carbon monoxide and steam to carbon dioxide and hydrogen^ 
so as to improve the efficiency of the fuel reformer, thereby realizing the miniaturization of the 
fuel reformer. However, the problems associated with this patent are that the necessary heat 
cannot be supplied by enly-the heat from the transition reaction alone , and that the structure of 
the fuel reformer used is complicated such that the efficiency is virtually low e r e d decreased . 
Furthermore, US Patent No. 5,741,474 attempted to simultaneously practice, in a certain space, 
the partial oxidation of methane, as an exothermic reaction, and the reforming reaction, as an 
endothermic reaction, thereby maximizing the heat transfer efficiency. However, there is a 
drawback in that both reactions cannot be efficiently controlled, thereby to r e duc e reducing the 
performance of the fuel reformer. Japanese Patent Application No. 93-147902 attempted to 
supply the necessary heat for the reaction by re-using, as a fuel, some of the hydrogen generated 
by the reaction of methanol with water, so as to improve the performance of the fuel reformer^ 
and to miniaturize the fuel reformer as well. However, there is a problem in this design in that a 
separate device is necessary for an-initial heating, thereby limiting the miniaturization of the fuel 
reformer. 

The above described inventions are characterized bv have-limitations on the-performance 
improvement and the- fuel reformer miniaturization of th e fu e l r e form e r , because th e y att e mpt e d 
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th e porform anee-improvement in performance and tfee-miniaturization bv-the -have been based on 
improvement of the fuel reformer structure of th e fu e l r e form e r , without resolving the prior art 
problem in-that the fuel reformer and the hydrogen separation apparatus must be separately 
present. 

In an attempt to overcome such limitations, US Patent No. 5,888,273 discloses a 
hydrogen generation device in which , aft e r positioning a long tube-shaped membrane for 
separation of hydrogen and a steam reforming catalyst are positioned in the same space 7 
hydrog e n^ Hydrogen g as is separated, and some of the reforming gases, containing hydrogen, 
carbon monoxide, carbon dioxide, steam, etc. ft are transported to a separate location, and then are 
burned, thereby supplying the necessary heat for the reforming. However, such a device is 
problematic in that aa-initial ignition is difficult. Another problem is that the heat transfer 
efficiency of the device in supplying the necessary initial heat for the start of the reforming 
reaction, and heat for maintaining a -the necessary membrane temperature for the permeation of 
hydrogen, is poor. These problems are considered the-significant drawbacks against the fast 
initial starting period and dynamic response of the fuel cell driven vehicle. In addition, because 
of the complicated structure and the use of the long tube-shaped hydrogen separation membrane, 
this -the h ydrogen generation device of Patent No. 5.888.273 is unsuitable fe^ in mass production 
processes a proc e ss , for e xampl e a such as in the manufacturing proc e ss of vehicles , for which 
ma ss production is r e quir e d . 
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SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a miniature fuel reformer in 
which a metal thin film selectively permeating only hydrogen from a fuel is utilized to lower, to 
a very low degree, a-the concentration of carbon monoxide (CO) contained in the hydrogen fuel 
supplied to an anode of a SPEFC, thereby capabl e of r e ducing remarkably reducing the a 
poisoning of the anode by carbon monoxide. 

It is ethe ^another object of the present invention to provide a miniature fuel reformer in 
which unit modules are connected with each other in series, parallel, or a combination thereof, 
thereby capabl e of supplying, in a suitable way, a necessary amount of hydrogen to a vehicle. 

It is another object of the present invention to provide a unit module in which a reaction 
for reforming ef^a liquid fuel and a reaction for separation of hydrogen are carried out in the 
same reactor as shown in FIG. 2, and th e refor e to provid e thereby providing a miniaturized fuel 
reforming system that can be easily mounted within the-fLfuel cell driven vehicle. 

To accomplish the above objects, the present invention provides a miniature fuel 
reformer for use in a fuel cell driven vehicle comprising a plurality of unit modules connected 
with each other in series, parallel, or a combination thereof, each of the unit modules including: 
an inner housing having a cylindrical shape whil e having and t op and bottom walls; an outer 
housing arranged around the inner housing while -and being radially spaced from the inner 
housing; a hydrogen separation reaction chamber defined in the inner housing; a combustion 
catalyst chamber defined between the inner and outer housings and contain e d with containing a 
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combustion catalyst for supplying heat needed in the inner housing; a fuel inlet provided at the 
top wall of the inner housing and adapted to introduce liquid fuel into the hydrogen separation 
reaction chamber; a plurality of vertically spaced hydrogen gas separation cells arranged in the 
hydrogen separation reaction chamber and adapted to selectively permeate hydrogen contained 
in the fuel introduced in the hydrogen separation reaction chamber, thereby separating the 
hydrogen from the fuel; a steam reforming catalyst fill e d in filling the hydrogen separation 
reaction chamber between adjacent on e s of th e hydrogen gas separation cells and adapted to 
reform the fuel introduced in the hydrogen separation reaction chamber; a plurality of vertically 
spaced cylindrical support members centrally arranged in the hydrogen separation reaction 
chamber while defining a hydrogen passage communicating with the hydrogen gas separation 
cells, thereby allowing the hydrogen separated from the fuel to be discharged from the hydrogen 
gas separation cells, each of the cylindrical support members being interposed between adjacent 
on e s of th e hydrogen gas separation cells and serving to regulate a gap defined between the 
adjacent hydrogen gas separation cells; a permeate discharge tube coupled to the bottom wall of 
the inner housing, the permeate discharge tube communicating with the hydrogen passage 
defined by the cylindrical support members to allow the hydrogen introduced in the hydrogen 
passage to be outwardly discharged from the hydrogen passage; a plurality of raffinate outlets 
provided at the bottom wall of the inner housing and adapted to discharge a portion of the fuel, 
not p e rm e ating which does not permeate through any one of the hydrogen gas separation cells, 
from the hydrogen separation reaction chamber; and a plurality of combustion fuel/air inlets 
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respectively connected to the raffinate outlets by conduits and adapted to introduce the fuel 
portion discharged from the raffinate outlets into the combustion catalyst chamber, along with 
air, so that the fuel portion is burned in the combustion catalyst chamber. 

Moreover, the present invention provides a miniature fuel reforming system for use in 
fuel cell driven vehicles, comprising: a fuel preheater for preheating and vaporizing a liquid fuel; 
a fuel reformer for receiving the vaporized fuel via a fuel supply header and separating hydrogen 
from the received fuel to produce a reforming gas, the fuel reformer having a hydrogen 
separation reaction chamber for separating hydrogen from the received fuel, and a combustion 
catalyst chamber containing a combustion catalyst for supplying heat needed in the hydrogen 
separation reaction chamber, the combustion catalyst chamber receiving the hydrogen-separated 
fuel, that is, a raffinate; means for receiving a permeate, that is, the hydrogen separated by and 
discharged from the hydrogen separation reaction chamber of the fuel reformer, via a permeate 
header, controlling the pressure of the received permeate, and supplying the pressure-controlled 
permeate to an anode of a fuel cell; means for controlling the pressure of the raffinate discharged 
from the hydrogen separation reaction chamber, thereby controlling the hydrogen separation 
reaction chamber of the fuel reformer; and valve means for supplying the raffinate to the 
combustion catalyst chamber of the fuel reformer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advantages of the invention will be 
apparent to those skilled in the art to which the present invention relates from reading the 
following specification with reference to the accompanying drawings, in which: 

FIG. 1 is a block diagram schematically showing that-the steam reforming reaction and 
the hydrogen separation reaction afe-separately carried out with the prior art fuel reforming 
system. 

FIG. 2 is a block diagram schematically showing that-the steam reforming reaction and 
the hydrogen separation reaction are-carried out in the same reactor with a fuel reformer 
according to the present invention. 

FIG. 3 is a schematic view of the construction of a unit module of a fuel reformer 
according to the invention. 

FIG. 4 is a schematic view of a -the construction of a hydrogen gas separation cell 
according to the invention, that permeates hydrogen from a reformed gas containing hydrogen. 

FIG. 5 and FIG. 6 e ach is a are schematic view -views, showing passages for a fuel for the 
steam reforming, and for a permeate that i s composed of hydrogen permeated through the-§ 
hydrogen gas separation cell , and also fo r . FIG. Fig. 5 and 6 also show a raffinate that is 
composed of hydrogen non p e rm e at e d that is not oermeMed through the cell. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 3 schematically shows the construction of a unit module 1 included in a miniature 
fuel reformer for a fuel cell driven vehicle according to the invention. 

A plurality of the unit modules 1 are connected in series, parallel, or a combination 
thereof with each other, to constitute the fuel reformer of the invention. The unit module 1 has a 
fuel inlet 17 which is formed on its upper end and into which a liquid fuel, for example, alcohol 
such as methanol, ethanol, etc., is introduced. Moreover, the unit module 1 has a hydrogen 
separation reaction chamber 7. In th e hydrog e n s e paration r e action chamb e r 7. a A steam 
reforming catalyst 3 is contained in the hydrogen separation reaction chamber 7. which serves to 
reform the fuel introduced through the fuel inlet 17. The hydrogen separation reaction chamber 
7 also contains therein a plurality of vertically spaced hydrogen gas separation cells 4 for 
permeating and separating only hydrogen from the reforming gas. The hydrogen separation 
reaction chamber 7 is defined in-bv an inner housing 8 having a cylindrical shape whil e having 
and top and bottom walls. B e tw ee n Interposed between adjacent on e s of th e hydrogen gas 
separation cells 4 . th e r e is int e rpos e d are a plurality of vertically spaced cylindrical support 
members 6 fixed to these -the cells 4 at both ends thereof in accordanc e with | La diffusion 
welding process. These cylindrical support members 6 are centrally arranged in the hydrogen 
separation chamber 7 whil e d e fining to define a hydrogen passage communicating with the 
hydrogen separation cells 4, thereby allowing the hydrogen separated from the fuel to be 
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discharged from the hydrogen gas separation cells 4. The cylindrical support members 6 also 
serve to control a gap defined between the adjacent cells 4. 

A combustion catalyst chamber 9 is arranged around the inner housing 8. The 
combustion catalyst chamber 9 has a combustion catalyst 5 for transferring the necessary heat to 
the hydrogen separation reaction chamber 7. This combustion Combustion catalyst chamber 9 is 
defined between the inner housing 8 and an outer housing 10 arranged around the inner housing 
8. ' . * 

A permeate discharge tube 25 is coupled to the bottom wall 1 of the inner housing 8. 
This p e rm e at e Permeate discharge tube 25 is-also communicat e d communicates with the 
hydrogen passage defined by the cylindrical support members 6 to allow the hydrogen 
introduced into the hydrogen passage to be outwardly discharged from the hydrog e n passage. 
Meanwhile, in order for a raffinate , that is, £ a reforming gas non p e rm e at e d not permeated 
through the hydrogen gas separation cells), to discharge from the hydrogen separation reaction 
chamber, a plurality of raffinate outlets 2526 are formed at an inclined bottom wall of the inner 
housing 8. In addition, although not shown in FIG. 3, a plurality of combustion fuel/air inlets 
r e sp e ctiv e ly are connected to the raffinate outlets by conduits. These combustion fuel/air inlets 
are adapted to introduce the fuel portion discharged from the raffinate outlets 25 into the 
combustion catalyst chamber 9, along with air, so that the fuel portion is burned in the 
combustion catalyst chamber 9. 
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M e anwhil e, Each of the hydrogen gas separation cells 4 eaeh includes one or more 
channels 13 at its peripheral portion to allow the fuel to flow therethrough. 

The construction of each of the hydrogen gas separation cells will now be described in 
detail with reference to FIG. 4. Each hydrogen gas separation cell 4 comprises a pair of spaced 
metal films 11 and 11a adapted to selectively separate only hydrogen, and an annular support 
plate 12 made of copper or a copper allov.-an d Support plate 12 is provided at its peripheral 
portion with one or more vertical fuel channels 13. The support plate 12 is attached to the metal 
films 1 1 and 1 la at opposite surfaces thereof, and therefore supports the metal thin film- films 1 1 
and 11a. The hydrogen gas separation cell 4 also includes a support layer 14 (a porous 
separation membrane) serving to provide a passage for hydrogen permeated through the metal 
film 1 1 while maintaining a-structural stability of the hydrogen gas separation cells 4. Th e r e is 
alse-a-A.central support disk 15 made of copper or a copper allo y. Th e c e ntral support disk 15 is 
provided with a central hole {denoted by no reference numeral} and at least one radial hole 16. 
The radial hole 16 extends radially throughout the diameter of the central support disk 15 while 
communicating with the central hole formed at the central support disk 15 ijLSUch a fashion that 
permeate , that is, {hydrogen permeated through the metal films 1 1 and 11a}, passes therethrough. 
Also, the central hole is communicat e d communicates with the hydrogen passage defined by the 
cylindrical support members 6. 

Moreover, in order to prevent a degradation in the hydrogen separation performance of 
the steam reforming catalyst 3 by a direct contact of the steam reforming catalyst 3 with the 
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metal film 1 1, a layer, which may be the support layer 14, is disposed between the steam 
reforming catalyst 3 and the metal film 11; Preferably, the support layer 14 is made of a porous 
separation membrane. 

In such a hydrogen gas separation cell 4, hydrogen in the reforming gas generated by 
reforming the fuel with the steam reforming catalyst 3 is adsorbed onto an outer surface of the 
metal film 1 1 and separated from the fuel. The separated hydrogen atoms are permeated through 
the metal film 1 1 and then are bonded into hydrogen molecules at an inner surface of the metal 
film 11. The hydrogen molecules are passed through the radial hole and central hole formed at 
the central support disk 16 and then discharged from the hydrogen separation reaction chamber 7 
through the permeate discharge tube 25. 

In such a hydrogen selective-separation reaction; a higher pressure differential between 
the inner surface and the outer surface of the metal film 11, as well as a higher surface 
temperature, result in an increased permeation performance of the metal film 11. In addition, it 
is necessary to keep the surface of the metal film 11 clean i s n e c e s s ary for better permeation 
performance of the metal film. The metal films 11 and 11a used in the invention includ e s th e 
fife -include films made of palladium-based alloy, such as Pd-Cu based alloy or Pd-Ag based 
alloy, and a metal film films or metal foil -foils made of vanadium(V), nickel(N) or an alloy 
thereof and-coated with palladium. 
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Mor e ov e r, th e The steam reforming catalyst 3 useful in the invention includes a steam 
reforming catalyst based on Cu-Zn alloys, as well as a steam reforming catalyst containing 
precious metals such as Pt. in the amount of at least 0.01% by weight , such as Pt . 

Furthermore, a the hydrogen production capacity of the respective unit modules 1 in the 
fuel reformer can be varied freely depending on the surface area of the respective metal film 11, 
and the amount of the steam reforming catalyst 3 being filled. This allows the capacity of the 
modules to regulat e fr ee l v be freely regulated . Namely, the amount of the steam reforming 
catalyst 3 filled can be varied depending on a thg height of the respective cylindrical support 
members 6, and a-the surface area of the metal film 11 can be varied with the diameter of the 
support plate 12. Accordingly, the hydrogen production capacity of the respective unit modules 
in the fuel reformer can be freely determined freely-depending on the surface area of the 
respective metal film 1 1, and the amount of the steam reforming catalyst 3. 

The support plate 12 supporting the metal films 1 1 and 11a, and the central support disk 
15, are connected with each other by diffusion welding such that there is no gap between the 
inside and the outside of the respective hydrogen gas separation cells 4. Therefore, the 
concentration of other reforming gases poisonous to the fuel cell stack, particularly carbon 
monoxide, is very low, thereby maintaining the performance of the fuel cell stack for a longer 
time. 

As described above, it is preferable that the fuel channels 13 formed at the peripheral 
portion of the support plate 12 are arranged in a zig-zag pattern as shown in FIG. 3, when 



14 



Appl. 09/856,323: Mark-up for Substitute Specification and Abstract 385227\2 
Reply to Office Action of May 1 1 , 2004 

connecting the respective hydrogen gas separation cells 4 with the cylindrical support members 
6. This provides an increase in the contact efficiency between the fuel and the steam reforming 
catalyst 3, as well as an increase in the contact efficiency between the reforming gas and the 
metal film 11. 

Referring to FIGS. 5 and 6, various passages and a reaction process will now be 
described-belew. In FIGS. 5 and 6, arrows shown as solid lines depict a fuel passage 19, arrows 
shown as dotted lines depict a permeate passage 18, and arrows shown as one dot chain lines 
depict a raffinate passage 20. 

A fuel, for example, alcohol such as methanol, ethanol, etc., that is pre-vaporized by a 
fuel preheater (not shown) disposed outside of the fuel reformer, is introduced into the hydrogen 
separation reaction chamber 7 through the fuel inlet 4-6-17 formed at the top wall of the inner 
housing 8. The introduced fuel is heated with combustion heat from the combustion catalyst 
chamber 9 to a temperature in the range of from 150°C to 600°C that is the temperature required 
by the hydrogen separation reaction chamber 7. The heated fuel flows downwardly to the 
hydrogen gas separation cells 4 through the fuel channels 13 formed at the peripheral portion of 
the support plate 12 of the respective cells 4, while contacting with the steam reforming catalyst 
3 filled therebetween. The fuel contact e d with contacting the catalyst 3 is subjected to the 
reforming reaction as indicated in the following reaction scheme, to convert it into a reforming 
gas essentially consisting of hydrogen, carbon dioxide, and the remainder of water: 

CH 3 OH + H 2 0 ^ C0 2 + 3H 2 Z]H 298 - 1 30.99 KJ 
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Stteh-a -The reforming gas is then contacted with the metal film 1 1 that are-yLconnected to 
the support plate 12 by the-diffusion welding. Only hydrogen ef -from the fuel is selectively 
permeated through the metal films 11 and lla^-an d. The hydrogen is passed through the radial 
hole 16 formed at the central support disk 15, and th e n is discharged from the permeate 
discharge tube 25. Moreover, a raffinate that re presents ifr-ar-reformed gas non p e rm e at e d not 
permeated through the hydrogen gas separation cells 4 is discharged through raffinate outlets 26 
formed along an inclined bottom wall of the inner housing 8, and -. The raffinate is passed 
through conduits 29 and the combustion fuel/air inlets 21, and then introduced into the 
combustion catalyst chamber 9. 

M e anwhil e , th e The steam reforming reaction as indicated in the above reaction scheme 
is the-an endothermic reaction for which much heat is necessary. It is preferable that the 
necessary heat for such an the endothermic steam reforming reaction is obtained by a heat 
exchange with the combustion heat. For such a heat exchange, methods may be used wherein a 
fuel stream supplied to the hydrogen separation chamber 7 and a fuel stream supplied to the 
combustion catalyst chamber 9 are the-cocurrent flows, or wherein both streams are the 
countercurrent flows. However, the latter method is preferred for an incr e as e increases in heat 
efficiency by more effective heat exchange. Namely, in the raffinate being discharged from the 
hydrogen separation chamber 7 without permeatin g through the hydrogen gas separation cells 4, 
th e r e is contain e d contains hydrogen in the range of 1 to 70% by weight tha^ -the amount varies 
depending on operation conditions of the hydrogen separation reaction chamber 7. Accordingly, 
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where the raffinate is used as a fuel in the combustion catalyst chamber 9, there is no need for the 
supply of a separate fuel. This can further improve the energy efficiency of the fuel reformer. 

The abov e d e scrib e d above-described unit modules are connected wtth-to_each other in 
series, parallel, or a combination thereof to constitute the fuel reformer that is a part of the^-aiuel 
reforming system. 

Hereinafter, the operation of the fuel reforming system using the fuel reformer of the 
invention will be described with reference to FIG. 7. 

The fuel reforming system accordin g to the invention comprises a fuel preheater 22 for 
preheating a liquid fuel, such as methanol, etc., a fuel reformer 30 in which a plurality of unit 
modules 1 are connected with each other in series, parallel, or a combination thereof, and a 
pressure controller 24 for controlling pressure of a permeate, that is, hydrogen discharged from 
the unit modules. The fuel reforming system also includes a raffinate pressure controller 23 for 
controlling ar- the p ressure of hydrogen separation reaction chamb e r chambers 7 of the respective 
unit modules 1, a fuel supply header 28 for supplying the liquid fuel to the respective unit 
modules 1, a permeate header 27 for collecting a permeate discharged from the hydrogen 
separation reaction chamber 7 of each unit module, and a valve 2 . Valve 2 supplies fuel which 
does not permeate through metal films 1 1 in the unit modules for supplying, to a combustion 
catalyst chamber ef-in the respective unit modules , fu e l non p e rm e at e d through m e tal thin films 
1 1 in e ach unit modul e. 
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In sueh-a-the fuel reforming system, the fuel, such as methanol, etc., is vaporized in the 
fuel preheater 22 comprising the-^fuel injector or the-gjieat exchanger, and is passed to the fuel 
supply header 28. Thereafter, the fuel is passed through a fuel inlet 17 formed on the top wall of 
the inner housing arranged in the respective unit modules l.-and . The fuel is then introduced into 
the hydrogen separation reaction chamber 7 in which the fuel is simultaneously subjected to the 
fuel reforming r e action and the hydrogen separation reactions r e action simultan e ously . 

Aft e r th e The p ermeate generated by the above reactions is again collected in the 
permeate header 27 again, it is and supplied to an anode of the fuel cell stack. At this point, th e 
The p ressure controlling device 24 . which is composed of the-^compressor or the-a_pressure 
controlling valve, eter is disposed on the permeate header 27, such that, as occasion demands, the 
permeate pressure is controlled depending on the operating pressure of the fuel cell stack. 

Mor e ov e r, th e The p ressure of the hydrogen separation reaction chamber is controlled by 
the pressure controlle r, and th e . The raffinate is passed through the pressure controller 23 to 
drop its pressure to an atmospheric pressure. Thereafter, the raffinate is passed to the valve 2. 
As occasion demands, the raffinate is passed from the valve 2 to the combustion catalyst 
chamber 9 to be utilized as the fuel. This hkhtv- greatlv increases the energy efficiency of the 
fuel reformer. 

Furthermore, when the-^heat exchanger is used as the fuel preheater 22, the heat supplied 
to the fuel preheater is heat-exchanged with a -the_ combustion gas discharged from the 
combustion catalyst chamber 9? to incr e as e . This increases the energy efficiency. 
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Additionally, as described above, the fuel reformer 30 has a construction capable of 
controlling the hydrogen production rate, in that the unit modules are simply connected with 
each other in series, parallel, or a combination thereof^ depending on the n e c e ssary amount of 
hydrogen amount required for the fuel cell stack. Thus, the fuel reformer is suitable for mass 
production. 

Ev e n though th e The fuel reformer of the invention has been shown as corresponding to a 
corr e sponds to the hydrogen generation and supply apparatus^-thi s the reformer may be also 
applied m-to various fi e lds including applications which include devices that r e quir e th e 
requiring hydrogen generation and th e hydrog e n p urification from the— mixed hydrogen 
containing gases containing hydrog e n , particularly in the production of hydrog e n of high purity 
hydrogen . 

In particular, the fuel reformer of the invention utilizes the property of p alladium-based 
metal film of th e prop e rty w hich selectively separates se parating only hydrogen from fee-fuel to 
markedly reduce r e markably the CO concentration of CO in a hydrogen fuel supplied to an 
SPEFC anode of SPEFC . This produces provid es r e duction in th e poisoning of the anode 
poisoning by CO, and also enables the production of the proper amount of hydrogen from the 
respective unit modules. In addition, the fuel reformer is essentially composed of a plurality of 
the unit modules connected simply with each other in series, parallel, or a combination thereof. 
The fuel reformer has a construction adapted for mass production, and therefore may supply 
various capacities of hydrogen required by the-^fuel cell driven vehicles. 
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When the inventive miniature fuel reformer using §the metal thin film is applied to the-§ 
fuel cell driven vehicle, the hydrogen production reaction (such as the steam reforming reaction) 
and the hydrogen separation reaction are carried out in the same reactor. As a result, the fuel 
reformer may supply, to an anode of the fuel cell, highly pure hydrogen having a remarkably low 
carbon monoxide concentration, without requiring a separate apparatus for hydrogen separation. 
This results in a decrease in anode poisoning of th e anod e b y carbon monoxide. This also results 
in a remarkable decrease i n the size of the fuel reformer^ to allow the fuel reformer to easily 
mount in the vehicle. In addition to th e abov e advantag es , as th e The fuel reformer is fabricated 
with the-iLjinit module having certain hydrogen production capacity, to supply the-varied 
amounts of hydrogen required by the-^fuel cell driven vehicle . This is possible with a simple 
module assembly only. This yi e lds . thereby yielding an a n-efficient increase in the n e c e ssary 
assembly productivity for mass production. 

Although the preferred embodiments of the invention have been disclosed for illustrative 
purposes, those skilled in the art will appreciate that various modifications, additions and 
substitutions are possible, without departing from the scope and spirit of the invention as 
disclosed in the accompanying claims. 
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Abstract of the Disclosure 
Disclos e d h e r e in is a A jniniature fuel reformer for use in a fuel cell driven vehicle using 
utilizes a metal thin fil m. The r e form e r and comprises a plurality of unit modules connected 
togethe r in s e ri e s, in parall e l, or in a combination th e r e of . Each module has of th e unit modules 
includ e s an inn e r housing having a cylindrical shap e whil e having inner housing with top and 
bottom walls defining a hydrogen separation reaction chamber , an outer housing arrang e d around 
the -surrounding and inn e r housing whil e b e ing radially spaced from the inner housing, a 
hydrog e n s e paration r e action chamb e r d e fin e d in th e inn e r housing, a combustion catalyst 
chamber d e fin e d between the inner and outer housings, a fuel inlet provid e d at th e top wall of the 
inner housin g top wall , a plurality of vertically spaced hydrogen gas separation cells arranged in 
the hydrog e n se paration reaction chamber, a steam reforming catalyst fill e d in the hydrog e n 
s e paration reaction chamber between adjacent on e s of th e hydrogen gas separating cells, a 
plurality of vertically spaced cylindrical support members centrally arranged in the hydrog e n 
s e paration reaction chamber whil e defining a hydrogen passage communicating with the 
hydrogen separation cells, a permeate discharge tube coupled to the bottom wall of th e inner 
housin g bottom wall , a plurality of raffinate outlets provid e d at th e bottom wall of in the inner 
housin g bottom walk and a plurality of combustion fuel/air inlets respectively connected to the 
raffinate outlets by conduits . 
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